The nutritive utilization of calcium was studied in adult rats in which 50% of the distal small intestine (DSI) had been resected and in sham-operated controls one month and three months after the operation. Resection of half the DSI reduced the digestive utilization of Ca as reflected by mineral content in bone. Three months after resection, nutritive utilization of Ca had still not recovered. Feeding the resected rats with a diet in which fat content consisted of equal parts of medium-chain triglycerides (MCT), sunflower seed oil, and olive oil failed to improve nutritive utilization of Ca after one or three months in comparison with a diet containing olive oil as the only source of lipids. Supplementation with vitamin D3 (0.04mg/100g diet) enhanced nutritive utilization of Ca in resected rats after one month, the beneficial effect becoming much more patent after three months. At the dose used, vitamin D3 favored calcium deposition in bone tissue. Serum levels of Ca remained unchanged under all experimental conditions, both one month and three months after 50% DSI resection.
Summary
The nutritive utilization of calcium was studied in adult rats in which 50% of the distal small intestine (DSI) had been resected and in sham-operated controls one month and three months after the operation. Resection of half the DSI reduced the digestive utilization of Ca as reflected by mineral content in bone. Three months after resection, nutritive utilization of Ca had still not recovered. Feeding the resected rats with a diet in which fat content consisted of equal parts of medium-chain triglycerides (MCT), sunflower seed oil, and olive oil failed to improve nutritive utilization of Ca after one or three months in comparison with a diet containing olive oil as the only source of lipids. Supplementation with vitamin D3 (0.04mg/100g diet) enhanced nutritive utilization of Ca in resected rats after one month, the beneficial effect becoming much more patent after three months. At the dose used, vitamin D3 favored calcium deposition in bone tissue. Serum levels of Ca remained unchanged under all experimental conditions, both one month and three months after 50% DSI resection. Key Words nutritive utilization, intestinal resection, rat, calcium, femur, serum Calcium malabsorption is common in patients who have undergone massive resection of the small intestine (1) . Factors contributing to the decrease in calcium absorption in these patients include malabsorption of dietary vitamin D and 25-hydroxyvitamin D as a result of the interruption of enterohepatic circulation (2, 3) and an increase in fat excretion (steatorrhea) (1, 4) . The remaining segment of intestine has been shown to adapt to the loss of absorptive surface area after a period of time (5) (6) (7) . This led us to design the present study in order to determine whether the corrective effects of dietary modification on calcium malabsorption The mineral supplement was designed to satisfy requirements in the rat, and consisted of the following:
The composition of the vitamin supplement (hydrosoluble vitamins) was as follows:
The MCT in diet B facilitates absorption of the fat component. Equal parts of starch and sugar were added to both diets to make up 100% of the dry weight, and liposoluble vitamin requirements were covered by adding 30mg of vitamin A and 0.4mg of vitamin D per kg of diet. In Experiments D and G, diet B was supplemented with 0.04mg of vitamin D3/100g of diet.
The following parameters were used to determine the effects of 50%-DSI resection and the different diets on digestive and metabolic utilization of calcium: intake, weight change, urinary and fecal excretion of Ca, calcemia and bone Ca content in femur.
Apparent digestibility coefficient (ADC) and Ca balance were calculated with the following formula:
Ca balance=I-(F+U), where I indicates amount ingested; F, fecal excretion; U, urinary excretion.
Calcium content in diet, feces, urine, and bone was measured by atomic absorption spectrophotometry with a Pye Unicam SP90A spectrophotometer (Cambridge). Serum Ca content was determined with a commercial kit based on the fact that in an alkaline solution, Ca2+ forms a violet-colored complex with o-cresolphthalein-complexone, which can then be measured at 570nm (12) . The 1,25-dihydroxycholecalciferol (1,25(OH)2D3) was measured by the methods of Eisman et al. (13) and Kumar et al. (14) .
The experimental data were statistically analyzed with Student's t-test. RESULTS 
One month after surgery
Nutritive utilization of calcium. One month after 50%-DSI resection, calcium absorption and digestive utilization (ADC) were lower in the rats in Experiment B than in sham-operated controls (Experiment A) (p<0.001). Resection also led to a drop in Ca retention (p<0.01, Table 1 ).
Feeding of resected rats with a diet containing equal parts of MCT, sunflower seed oil, and olive oil instead of 4% olive oil (Experiment C) failed to significantly raise ADC, which remained lower in comparison to controls (p<0.001). Calcium retention (balance) was clearly lower (p<0.01), at times reaching negative values (Table 1) .
Supplementation of diet B with 0.04mg of vitamin D3/100g of diet for one month (Experiment D) improved Ca absorption (p<0.001) in comparison to resected rats given Diet A; this raised digestive utilization to values slightly higher than those in control animals (p<0.001). Calcium balance also improved with supplemented diet B (p<0.05), although urinary excretion was higher than in the resected group given diet A (p<0.001) and similar to that in control animals ( Table 1) .
Calcium content in bone and serum, and serum concentration of 1,25(OH) 2D3. On comparing control rats with resected animals fed with diet A (Experiment B) or diet B (Experiment C), no significant differences were noted in serum levels of Ca or in serum concentration of 1,25(OH)2D3, whereas DSI resection decreased Ca content in femur (p<0.01) in comparison to controls (Table 2 ) . This value was higher in resected rats fed with diet B than in those given diet A (p<0 .02) ( Table 2) .
Supplementation with vitamin D3 (Experiment D) maintained serum Ca within , S, CAMPOS et al. Table 2 . Ca content in femur and serum, and serum concentration of l,25(OH)2D3 in 50% distal small intestine resected rats and sham-operated controls.
See notes to Table 1 for explanation of the superscripts.
physiological levels, and failed to produce significant changes in serum 1,25(OH)2D3. On the other hand, it raised bone Ca to values above those recorded in controls, and these raised values were significantly higher than in resected rats given diet A (p<0.01, Table 2 ).
Three months after surgery
Nutritive utilization of calcium. After a period of three months during which resected rats were given diet A (Experiment E), calcium intake (p<0.01) and fecal excretion (p<0.001) were lower than at one month after surgery, while Ca absorption and ADC were unchanged. Urinary excretion was greater (p<0.05), which, together with the fact that no rise occurred in absorption, led to a negative Ca balance in this group (Table 1) .
Calcium intake fell in animals given diet B (Experiment F) in comparison to resected rats given diet A during one month (p<0.001). Fecal excretion was also lower (p<0.001) while Ca absorption rose slightly, and ADC increased more notably (p<0.05). Although absorption was greater, the increase in urinary excretion resulted in a low Ca balance (Table 1) .
After three months on diet B supplemented with vitamin D3 (Experiment G), Ca absorption in resected rats was greater than when Diet A was given (p<0.001), surpassing the values recorded one month postsurgery in rats fed with supplemented diet B.
Digestive utilization after three months on vitamin D3-supplemented diet B showed a net increase over the ADC recorded one month after resection (p<0,05) as well as in comparison to controls (p<0.001). The rise in Mg absorption was accompanied by an increase in retention, which reached values as high as those in control rats (Table 1) .
Calcium content in bone and serum, and serum concentration of 1,25 (OH)2D3. Three months after DSI resection, serum levels of Ca under all experimental conditions tested (Experiments E, F, and G) remained, with slight variations, within physiological limits (Table 2) . No significant changes in serum levels of 1,25(OH)2D3 were observed in any of the assays performed three months after surgery.
In resected animals fed with diet A or diet B, Ca content in femur was lower than in controls (Table 2) . Supplementation with vitamin D3 for three months raised bone Ca levels in comparison to those found after feeding resected animals for one month with diet A (p<0.02), as was also seen in operated animals after one month's feeding with vitamin D3-supplemented diet B (Experiment D, Table 2 ).
DISCUSSION
One month after 50%-DSI resection, the loss of a portion of absorptive surface area had led to a decrease in Ca absorption in comparison to controls, a finding which concurs with earlier studies by Campos et al. significantly; although Ca absorption per unit surface area is highest in the duodenum (18, 19) , most absorption takes place in the distalmost two-thirds of the intestine (20) , part of which was resected in the present series of experiments . Resection also interrupts enterohepatic circulation, reducing the level of polar metabolites of vitamin D (21) (22) (23) , and thus further limiting Ca absorption (2 , 3, 16) .
At the metabolic level, Ca retention declined after DSI resection, in agreement with the findings of Campos et al. (15) . Nutritive utilization of Ca failed to improve after feeding resected rats diet B in which the fat component (4% olive oil) was replaced with equal parts of MCT, sunflower seed oil, and olive oil , hence this dietary modification had no effect on the efficiency of Ca absorption. In contrast , when diet B was supplemented with vitamin D3, Ca absorption rose despite the decrease in intake. The improvement in Ca retention can be accounted for by the fact that vitamin D metabolites are known to enhance Ca absorption (15 , 24) .
The rise in urinary excretion of Ca has been described previously (25) as a phenomenon independent of vitamin D intake. Intestinal resection raises plasma levels of gastrin (26, 27) , hence the relationship between gatrointestinal hormones and calcitonin may explain the increase in urinary Ca excretion.
Barrionuevo et al. (25) have recorded the recovery of digestive utilization of Ca within six months of resection, as a result of hypertrophy and hyperplasia of the remaining segment. Such adaptation facilitates the rapid compensatory effects of vitamin D supplementation at the digestive level.
Resection of half the DSI led to a drop in Ca content in femur , a finding noted previously by several authors. Bone Ca turnover was altered, leading to osteomalacia (3, 28) as a result of the lower nutritive utilization of Ca under these conditions, a finding which probably reflected the organism's attempt to maintain satisfactory serum levels of calcium. Dietary supplementation with vitamin D3 raised Ca content in femur to values above those found in control animals. Thus, the dose of vitamin used favored Ca deposition in bone tissue (29) . Resected animals given diet A for three months failed to recover normal levels of digestive utilization, as previously noted by Barrionuevo et al.(25) . In that study , Ca utilization took six months to recover following DSI resection. In view of the increased urinary excretion and the lack of increase in Ca absorption, the resulting negative Ca balance suggests that resection somehow alters Ca metabolism (30, 31) .
Feeding with diet B for three months led to a slight improvement in Ca absorption and digestive utilization over that achieved after one month in resected rats fed with diet A. One-third of the fat supply in diet B consisted of MCT, which are less likely to form soaps with Ca (32), thus improving the digestive efficiency of the Ca cation.
Several authors have noted the low retention of Ca (28, 30, 31) , calling attention to the association between intestinal resection and alterations in phosphorus-calcium balance.
The effects of supplementation with vitamin D3 on nutritive utilization of Ca were more evident after three months than after one month only.
Three months after resection, Ca levels in femur remained below the values recorded in control animals regardless of whether diet A or diet B was given. This finding supports the earlier observations of Compston et al. (33) and Kruse et al. (28) . After three months on diet B supplemented with 0.04mg of vitamin D3/100g of diet, Ca content in femur was similar to that seen after one month on this regimen, and higher in comparison to resected rats given diet A.
